mation is only valid when the diffusion couple lies along an eigenvalue direction. Consequently, the quality of the pseudobinary approximation cannot be reliably estimated because it is impossible to know a priori the directions of the eigenvectors. A promising alternative to experimental measurement of Do is the use of molecular dynamics simulations that generalize established methods for calculating binary interdiffusion coefficients (13).
3. Diffusion studies in binary systems involve the determination of a single diffusion coefficient that may be a function of temperature, pressure, and composition. In a ternary system, there are four independent chemical diffusion coefficients; in a quaternary system, nine diffusion coefficients; and, in general, (n -1)2 diffusion coefficients in an n-component system. Written as a matrix (D,,J, the off-diagonal terms (for example, D12 and D21 in a ternary system) are referred to as the crosscoupling terms because they link the flux of one component to the concentration gradient of a different component. useful tools to predict properties of oxides, halides, silicates, and many other compounds. Such relations for isomorphous isoelectronic series (2) , as well as for individual cation coordination polyhedra (3), provide a basis for comparison of bulk moduli and individual bond compressibilities throughout a wide range of condensed materials.
The high-pressure behavior of minerals with Mg-Fe2+ solid solution has been studied intensively because of the importance of these minerals in models of the Earth. Polymorphs of (Mg,Fe)SiO3 and (Mg,Fe)2SiO4 are of particular concern because the major element bulk composition of the mantle is believed to fall somewhere between those stoichiometries. A key issue in geophysics and mineral physics has been the nature of the seismic discontinuity at 670 km, which marks the boundary between the transition zone and lower mantle. Both 20 GPa for Y-Mg2SiO4, has been proposed as a major silicate phase in the Earth's transition zone (4) . Elastijity or pressure-volume parameters for equations of state have been reported for the Fe end member (12), the nickel and cobalt silicate analogs (13) , and the Mg end member (14) . No (14) 546.42 (12) 552.45 (9) 4.20 (5) 512.28 (8) 515.33 (13) 515.34 (12) 548.06 (12) 535.68 (8) 541.76 (7) 2.20 (5) 516.49 (9) 520.43 (13) 520.56 (15) 553.22 (9) 540.75 (8) 546.86 (7) 0.96 (8) 519.16 (9) Fe60 and Fe78 intermediates. Unit-cell parameters ofall six crystals were determined (17) at five pressures to 4.79 GPa (Table 3) .
At every pressure, compressibility increased in the order Ni < Feioo < Fe80
Few, < Mg (Table 4 and Fig. 2 ). Average relative compressibilities, PMI3X were 1.25 for Ni2SiO4, 1.13 for Fe2SiO4, 1.115
for Fe80, and 1.105 for Fe60, all +0.01.
Thus, compressibility of (Mg,Fe)2SiO4 silicate spinel increased significantly with increasing Fe content. Pressure-volume data may be fit to a second-order Birch-Murnaghan equation of state, but resulting values for bulk moduli, K, are poorly constrained unless V0 and the pressure derivative of the bulk modulus, K', are fixed (18) . In the case of y-Mg2SiO4, for example, unconstrained refinement of 11 pressure-volume data yielded a K of 183 + 5 GPa and a K' of 6 ± 2. Recent equation-of-state studies of Mg2SiO4 (12) suggest that K' is close to 4.8. With that constraint on the present pressure-volume data, the calculated bulk moduli of the Mg and Ni end members are 184 ± 2 and 233 + 2 GPa, respectively. These values-are close to the previously reported values of 182 ± 1 (14) and 226 ± 2 GPa (13) for the two compounds, based on Brillouin spectroscopy and powder x-ray diffraction. Bulk moduli of the three Fe-bearing spinels with K' constrained to 4.8 the silicate perovskite and ilmenite forms of (Mg,Fe)SiO3, show only limited Mg-Fe solid solution (20) . Furthermore (21), wadsleyite (22) , and anhydrous phase B (23) . High-pressure ordered olivine is particularly unusual because crustal olivines appear relatively disordered, even from slowly cooled environments (21, 24) .
The distinction between the high-pressure crystal chemistries of Fe and Mg is further highlighted by the strong intercrystalline separation of these elements between phases at deep-earth conditions. The transition from (Mg,Fe)2SiO4 silicate spinel to (Mg,Fe)SiO3 perovskite and (Mg,Fe)O magnesiowilstite, which defines the 670-km seismic discontinuity, is characterized by strong partitioning of Fe21 into the oxide phase (4, 20) . If the contrast between Fe and Mg increases toward the metallic Fe core, it could have significant implications for the compositions and properties of minerals deep in the lower mantle.
